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The Effect of Mineral Oil Pour Poimt 
on the Flow Characteristics of Lubricatin g Greases 


Many lubricating grease specifications 
contain a maximum limit on the pour point 
of the mineral oil constituent. A majority 
of such specifications cover automotive and 
industrial greases which are intended for 
use at normal atmospheric temperatures 
which rarely go much lower than about 
zero degrees F. The work reported herein 
deals with greases of this general type and 
not with the highly specialized extreme low 
temperature greases which are intended for 
service at temperatures far below zero. 

There appears to be two schools of 
thought concerning the value or function of 
low pour point mineral oils in greases. The 
one school believes that mineral oil pour 
point is directly related to the mobility and 
flow characteristics of the finished grease at 
low temperatures and that low pour oils are 
accordingly necessary to insure good low 
temperature grease properties. The second 
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school of thought proposes that since lubri- 
cating greases are specifically made to be 
non-fluid at temperatures below their drop- 
ping points, the pour point of the mineral 
oil is of no consequence and that the soap 
base constituent of greases nullifies any pos- 
sible influence of mineral oil pour point. 

Although these two schools are diamet- 
rically opposed, there seems to be little or 
no published data to substantiate either line 
of reasoning and frequent controversies 
arise. The chief objection to the use of low 
pour oils for grease manufacture relates to 
difficulties which sometimes arise in secur- 
ing supplies of such oils having other de- 
sirable or essential characteristics for grease 
making, and many instances are on record 
where grease manufacturers have had to add 
pour point depressants to oil stocks in or- 
der to meet grease specification require- 
ments on oil pour point. 


In considering the mobility characteristics 
of greases it can be stated that as soon as 
a grease is removed from its original ship- 
ping container it is required to function es- 
sentially as a plastic or viscous fluid. This 
condition applies throughout the tempera- 
ture range of use. The filling of grease 
guns or dispensing equipment, the movement 
of the grease through gun hoses or piping 
and into the parts requiring lubrication all 
involve grease flow. The effective or ap- 
parent viscosity of a grease thus governs its 
ease of handling and dispensing as well as 
the starting and running torques of lubri- 
cated mechanisms. Under such conditions, 
viscosity is a fundamental property of 
greases just as it is of lubricating oils. The 
essential differences between viscosity prop- 
erties of greases and oils are, first, that a 
positive force or pressure is required to 
cause grease flow and, secondly, that the vis- 
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cosity of greases varies with the rate of 
shear or flow velocity. 

As laboratory workers well know, the ac- 
curate measurement of oil viscosity involv- 
ing only one variable, temperature, is not 
easy; so that viscosity measurement of 
greases involving three variables, tempera- 
ture, pressure and rate of shear, becomes 
quite complex. It is probably for this reason 
that so little work has been done in evaluat- 
ing the viscosity characteristics of greases, 
in spite of the fact this property is one of 
the basic fundamentals of gvease lubrica- 
tion. Fortunately, developments of the past 
few years have pointed the way toward 
eliminating this “blind spot” in lubricating 
grease technology. 

The Pressure-Viscosimeter originally de- 
veloped by the Standard Oil Development 
Company and described at the 1942 meeting 
of the National Lubricating Grease Insti- 
tute (Institute Spokesman, November, De- 
cember 1942 and January, February, 1943) 
was the first relatively simple grease vis- 
cosimeter suited for general laboratory use. 
The standardized design of this S.O.D. 
Pressure-Viscosimeter as made by the Pre- 
cision Scientific Company is now available 
in about 25 to 30 laboratories and coopera- 
tive work is developing rapidly. This in- 
vestigation concerning the effect of mineral 
oil pour point on the flow or viscosity char- 
acteristics of greases serves to illustrate the 
possible applications and usefulness of grease 
viscosity information. 

Photo | shows the S.O.D. Pressure Vis- 
cosimeter, as made by the Precision Scien- 
tific Company, with the addition of a con- 
stant temperature cabinet surrounding the 
test cylinder. Photo 2 shows the unit with 
the constant temperature box opened. The 
air circulating fan, heaters and cooling coil 
are located behind the metal shield which 
serves as a “chimney” to provide uniform 
air circulation and temperature within the 
cabinet. Test temperatures of 77°, 100° or 
130 °F. plus or minus ° can be maintained 
in this unit. 
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TABLE A 


SODA BASE GREASES 


Sample Worked % 


No. Penetration Soap W ater 


280 ; Trace 
285 i Trace 
270 ; Trace 
220 : Trace 


G 280 11. Trace 


Dropping Vis. at 


Mineral Oil 
Vis.at Vis. 
Point 100° 210° Index 
340° 874 76.6 
340° 874 76.6 
340° 1070 70.2 
390 874 76.6 

400 ° 1230 90 


Photo 3 shows a modified Pressure-Vis- 
cosimeter installed in an Aminco Constant 
Temperature cabinet which can be main- 
tained at any desired temperature between 
plus 220° and minus 90°F. within plus or 


minus 


FLOW CHARACTERISTICS OF 
SODA BASE GREASES 


Table A itemizes the general properties 
of the Soda base greases used in the test 
work. Grease 1 was a typical short fibre 
No. 2 consistency Soda grease of the type 
commonly used for wheel bearing lubrica- 
tion. A waxy steam refined stock was used 
as the principle mineral oil constituent and 
the oil base had a plus 70°F. pour point. 
Grease 2 was the same as Grease | except 
that 1% of a pour point depressant was 
added to the mineral oil stgck to provide a 
plus 15° pour point. 

Grease 4A was made to be as nearly iden- 
tical to Grease 1 as possible except that a 
low viscosity index, low pour point mineral 
oil was used. Grease S was prepared in the 
same way and from the same soap and oil 
bases as Grease 1, but was of No. 3 con- 
sistency. Grease G was made with a waxy, 


high pour mineral oil, very similar to thar - 


in Grease 1, but was processed to yield 4 
long fibre grease. The first four greases 
listed in Table A were of the type generally 
described as soft, short fibre products, and 
the essential difference of Grease G was its 
hard or leathery, long fibre type of struc. 


ture. 


Figure I shows typical viscosity-shear 
curves as derived with the Pressure-Viscosi- 
meter. It will be noted that the viscosity. 
shear characteristics of Greases 1 and 2 are 
practically identical, so that their viscosity 
or flow properties were not effected either 
at 77°F. or at 32°F. by the difference in 
mineral oil pour point, which was the only 
essential difference between these two 
greases. It is likewise noteworthy that Grease 
4A, in spite of its quite different mineral 
oil constituent, displays flow characteristics 
very similar to Greases 1 and 2. 

Figure I also illustrates a characteristic 
of all greases in that their apparent viscos- 
ities decrease rapidly with increasing rate 
of shear, or flow velocity. Thus, the three 
greases at 32°F. and at a rate of shear of 
10 reciprocal seconds had an apparent vis- 
cosity of about 350,000 centipoises, but at 
a shear rate of 1,000 reciprocal seconds the 
apparent viscosity had dropped to only about 
1/10 as much or 35,000 centipoises. 


Grease flow through dispensing equip- 
(Continued on Page 4) 
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Post-War Small Cars 


Predictions of a low-priced, small automo- 
bile as a post-war product of the Ford Motor 
Co. arouses the interest of oil marketers as 
to the probable effect of such a vehicle on 
demand for crankcase and gear oils, and 
lubrication services. 


A prediction based on a prediction gets 
a bit involved, but a low-priced car to sup- 
ply the price-minded portion of the public 
with essential transportation is likely to in- 
sure a continuation of the mass market for 
lubricating oils, lubricants, fuels, and acces- 
sories in the post-war period. 

The words “a price-minded portion of the 
public” have been selected carefully. Vehicle 
owners of this group have been the best cus- 
tomers for the oil industry’s automotive 
products. The industry’s principal market 
before the war was a mass market, not a 
class or luxury market, and without this 
mass market the industry would never have 
achieved such a tremendous demand for 
fuels and lubricants. 


No Miniature Moper 


Rumors on Ford’s post-war cars have been 
bolstered by published announcements re- 
cently attributed to Henry Ford II that his 
family has been thinking about such an 
auto. The announcement related that a 
low-priced car might be added-to the line 
if the public demanded it, and that such 
a car would be a standard sized vehicle 
stripped of fancy trimmings, not a miniature 
car. 


The crux of the statement is what will be 
the public’s demand. Will income be so 
high that the vast majority of car owners 
can overlook original investment and operat- 
ing costs? Or, will incomes be such that a 
large number of the public will have to 
*Copyright Chek-Chart, Inc. 


LuBRICATION REQUIREMENTS OF Forp Mopets 


Model T* Model A** V-8*** 

(to 1927) 1928-1931 1932-1942 
Crankcase capacity, qt. 4 5 5 
Differential capacity, lb. 2”, 
Transmission capacity, lb. | 2¥, 
Radiator capacity, qt. 124% 12 20 
Fuel tank capacity, gal. 10 11 14 
Under hood number of lubrication points 5 10 7 
Type of lubricants CG,MO =MO,CL,GL_ GIL, CL, MO 
Chassis — Number of lubrication points 27 38 20 

MO, WB, 

UJ, CG CL, WB CL, WB, UJ 


Type of lubricants 


GL—Gear Lubricant 
CL—Chassis Lubricant 
CG—Cup Grease 

MO—Motor Oil 

WB—Wheel Bearing Lubricant 


*—Requirements for 1927 Model 


**__Requirements for 1928 Model 
**__Requirements for 1932 Model 


consider price so there will be a demand for 
an inexpensive vehicle? 

Prior to the war, the low-priced car 
dominated the field. It is true that Ford, 
Chevrolet, and Plymouth cars were getting 
away from “bare, essential transportation” 
models and were taking on more luxuries, 
yet of all automobiles registered in June, 
1940, 62% were of these three makes. 
Total registration, given in Automotive In- 
dustries, was 27,700,000 passenger cars, and 
the “Big Three” accounted for 17,160,000 
vehicles. 

Ford provides a good analysis, as there 
were three distinct models produced: Model 
T until 1927, the Model A from 1928 to 
1932, and the V-8 models from 1932 to 
1942. The total number of Ford cars regis- 
tered in June, 1940, of all makes and models 
was 6,814,386. Of this total, the number 
of Model T cars was 178,446, of Model A 
1,908,530, and of the V-8 series 4,665,420. 
Unclassified as to year of manufacture were 
61,990. In other words, of all Ford cars run- 
ning around in June, 1940, about 30% 
were Models T or A, and those certainly 
were not luxury models. 


A comparison of the iubrication require- 
ments of the various Ford models is given 
in the accompanying table. The capacity of 
the crankcase jumped up 1 qt. when the 
change was made from the T to A, and the 
capacity of the differential was increased 
from 114 lb. for the Model T to 2'4 lb. for 
the V-8. Remember however, that the num- 
ber of Model Ts produced far exceeded pro- 
duction of other models, and that more fuel 
and lubricants went through the Model T 
than through the older models. 

Also, the Model T with its planetary 
transmission gear required no extra lubri- 
cant for the transmission. When Ford went 
to the standard gear system, a transmission 
capacity appeared on the lubrication charts. 
Model A transmissions required | lb. and 
the V-8 Models 2'4 lb. of gear lubricant. 

There are several other pre-war economic 
facts that come in handy for post-war prod- 
uct-demand thinking. The American Petro- 
leum Industries Committee collected some 
information on who really pays the gasoline 
tax, and these studies clearly indicate the 
automobile is not a rich man’s toy, but the 
poor man’s essential transportation. 

The Industries Committee studies indi- 
cated that the average American motorist 
had an income (pre-war) of $20 to $30 a 
week. U.S. Department of Commerce fig- 
ures showed that a third of all car-owning 
families received less than $20 weekly; that 

% of car owning families had an income 


(Continued on Page 6) 
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(Continued from Page 2) 

ment, gun hoses or pipe lines is at fairly 
low rates of shear in the range from 10 to 
a few thousand reciprocal seconds. When 
lubricated parts or bearings are started in 
motion, the shear rates are similarly low. 
The rate of shear existing in running bear- 
ings is in the order of several thousand to 
several million reciprocal seconds, and at 
these very high shear rates grease viscosities 
closely approach that of their mineral oil 
constituent. Grease viscosity data at the 
lower rates of shear accordingly are of most 
interest since these are directly related to the 
ease of handling and application and to the 
starting or break-away torques of grease 
lubricated bearings. 

Since the oil industry has grown up with 
the Saybolt system of viscosity measurement, 
the Pressure-Viscosimeter data in ,funda- 
mental units of centi-poises is somewhat like 
a foreign language and needs interpretation 
to be reduced to everyday terms. For pur- 
poses of approximation, multiplication of 
centi-poises by 5 will give the rough equiva- 
lent of Saybolt seconds viscosity. Thus at 
32°F. and a shear rate of 10 reciprocal sec- 
onds, the greases in Figure | have viscosities 
of about 350,000 centi-poises or roughly 1% 
million Saybolt seconds. 

Figure II shows Viscosity-temperature 
curves on the test greases at three different 
rates of shear. These curves were derived 
by making viscosity-shear determinatior; at 
several different temperatures and plotting 
the results on A.S.T.M. Viscosity-Tempera- 


ture charts. 


Greases 1, 2 and 4A display nearly iden- 
tical apparent viscosities over the range from 
10° to 210°F. Since Grease 1 contained a 
mineral oil of 70°F. Pour, Grease 2 of 15 
Pour and Grease 4A of —5° Pour, it would 
seem, if pour points were a factor in grease 
viscosity properties, that there would be 
some more obvious indication, especially 
in the temperature range from 10 to 32°F. 
The conclusion to be derived thus seems to 
be that oil pour point had no appreciable 
effect on the viscosity-temperature character- 
istics of these soda base greases. 


Figure III shows Viscosity-Temperature 
Curves for Greases | and 4A in relation to 
the viscosities of their respective mineral oil 
constituents. The mineral oil viscosity curves 
were derived by plotting the viscosities at 
100° and 210°F. and drawing a straight 
line through these points as per the usual 
A.S.T.M. procedure. While these oil curves 
are most probably inaccurate in the extra- 
polated region below about 70°F., they do 
give an indication of the relation between 
the viscosities of the respective oils and fin- 
ished greases. It will be noted that while 
there is considerable spread in viscosity be- 
tween the two oils, the two greases are very 
similar and do not display nearly as much 
difference. This would indicate that the soda 
soap constituent of the two greases has a 
greater effect on their viscosity properties 
than does the mineral oil, particularly at the 
lower temperatures. 

The curves in Figure III also illustrate 
the characteristically flatter viscosity-tempera- 
ture curves of greases compared to mineral 
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oils and that this property is most 
nounced at higher temperatures. 

Figure IV shows Viscosity-Temperat..-- 
curves for Greases 1, G and S at 2 rate. sf 
shear. Greases | and S were prepared {+ 5: 
the same soap and oil stocks, Grease | being 
of No. z Consistency and Grease Sa N., ; 
grade. The effect of the soap concentra: 5, 
on grease viscosity characteristics is indicared 
by comparison of the curves for Greases | 
and S wherein all properties were substan. 
tially the same except for soap content and 
consistency. 

Grease G, of No. 2 consistency bur hav. 
ing a hard, long fibre structure, shows 3 
much flatter viscosity-temperature curve than 
any of the other test greases. At the lower 
temperatures Grease G has viscosities near. 
ly the same or even lower than greases | 
and S, while at elevated temperatures its 
viscosities are higher than Greases | and S. 

This condition seems to provide conclu. 
sive evidence that mineral oil pour point \, 
of little consequence to the viscosity char- 
acteristics of soda base greases and that the 
type of soda soap structure is a much more 
important factor, more so even than the 
concentration of soap. 


Conclusions: 

Based upon the experimental evidence de- 
rived with the Pressure-Viscosimeter, the 
following conclusions seem reasonable: 


1—Pour point depressants in oil stocks 
used in soda base greases have no ap- 
preciable effect on the viscosity-tem- 
perature characteristics of the resulting 
greases. 


2—Mineral oil pour point has no influence 
on the viscosity-temperature properties 
of soda base greases, and low oil pour 
points will not insure good low tem- 
perature mobility. Conversely, high oil 
pour points will not necessarily mean 
poor low temperature grease proper- 
ties. 


3—The factors having a major influence 
on the viscosity-temperature properties 
of soda base greases seem to be as 
follows and are listed in the apparent 
order of importance. 


(a) Type of soda soap structure 
(b) Concentration of soda soap. 
(c) Mineral oil viscosity. 


The conclusions itemized above apply 
only to soda base greases and not to greases 
made with other soaps. Similar work \s in 
progress with other types of greases and will 
be reported at a later date. 
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\ PPENDIX: 


_Numerous comments have been made re- 
-ently, which indicate a rather wide spread 
belief that the Pressure-Viscosimeter will ul- 
rimately replace the A.S.T.M. Grease Pene- 
crometer, and there seems to be some con- 
fusion as to the relative usefulness of pres- 
sure-viscosity data and consistency tests in 
grease evaluation. 

The following definitions indicate the dif- 
ference between the properties of consis- 
tency and viscosity or mobility. 


Consistency—Measure of the relative re- 
sistance of a plastic material to per- 
manent change of shape. 


Viscosity—Measure of the relative resis- 
tance of a fluid to continuous flow. 


Mobility—Measure of the relative resis- 
tance of a plastic material to con- 
tinuous deformation or flow under a 
positive pressure. 


Consistency is accordingly a property of 
greases under static conditions, whereas vis- 
cosity or mobility is a property under dy- 
namic conditions. Consistency and viscosity 
are thus two entirely different properties of 
greases and both are useful and necessary. 
Consistency measurement is still needed to 
indicate the degree of hardness or softness 
desired for any given grease and is most 
useful as a quick and simple identification 
and control test. Viscosity measurement, on 
the other hand, provides information on the 
application and service properties of greases, 
particularly as related to ease of handling 
and dispensing and to starting and running 
torques of grease lubricated mechanisms. 
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Post-War Smart Cars 
(Continued from Page 3) 


less than $30 weekly. Only 12.4% of car 
owners earned over $60 a week. 

A man earning $20, $30 or some such 
figure each week is not exactly in the bread 
line, but on that income one does not 
usually purchase high priced automobiles. 

The Industries Committee studies also re- 
vealed the fact that 60% of car owners 
never purchased a new vehicle. This 60% 
has been content with used cars, ranging 
all the way from rather good models, which 
have just been traded-in by the original 
owners, down to the delapidated $25 (pre- 
war value) jalopies. 

Reports of high wages paid during war 
time might naturally lead to the false con- 
clusion that everyone enjoys prosperity, and 
never again will there be incomes as low as 
$20 a week. It is a happy thought, but 
right now economic conditions are upset, 
and things may be different after the war. 

“Rosie the Riveter,” her husband, and the 
children, may represent the upper crust of 
financial society. Ordinarily Rosie’s family 
might be in that group of car owners who 
never bought a new auto, but right now it 
might be able to lay cash on the line for 
a big, new automobile, if such a thing were 
available. 
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STEEL DRUMS —PAILS 


—for oil, grease, and other 
petroleum products 
Made with a wide va- 
riety of spout openings 
and head designs in- 
cluding the E-Z seal 
lever locking ring cov- 
er. Special tested lin- 
ings provided for high 
test aviation gasoline 
and many other sensi- 
tive products. 


3 te 55 Gol. 


INLAND STEEL 


CONTAINER CO. 


| CONTAINER SPECIALISTS 
6532 S. Menord Ave., Chicago 38, 


FISKE BROTHERS 
REFINING CO. 


Established 1870 


* 


NEWARK, N. J. 
TOLEDO, OHIO 
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Manufacturers of 


LUBRICATING 
GREASES 


“Business is Ingreasing”’ 


BATTENFELD 
GREASE & OIL 
CORP. 
KANSAS CITY, MO. 


MINNEAPOLIS, MINN. 


N. TONAWANDA (Buffalo) 
N. Y. 


Manufacturers of 


BAT’S GREASES 


exclusively for Refiners 
and the Jobbing Trade 


Bare Ot 


SONNEBORN’S 


(With Patented Non-Foaming Feature) 


Blend Petromix #9 with mineral oil 
and you have a soluble cutting oil 
of sparkling clarity, producing highly 
stable emulsions with water. Petromix 
#9 possesses definite properties for 
inhibiting rust and corrosion. Highly 
concentrated—contains no evaporat- 
ing solvents. Free-flowing—non-sep- 
arating—will not decompose or dete- 
riorate in storage. Easy to handle and 
blend. Economical to use. 

Petromix #9 also is used in the 
manufacture of emulsified solvents 
for cleaning industrial floors, trucks, 
buses, ordnance material, etc. Special 
Petromixes available to meet indi- 
vidual requirements. 

Write for Bulletin G-7 


L. SONNEBORN SONS, INC. 


88 Lexington Avenue, New York 16, 
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TOPICS 


Rust-Preventing Characteristics 
of Steam -Turbine Oil in 
the Presence of Water 


A.S.1.M. TENTATIVE METHOD D-665-44T 


HIS method of test is intended 

to indicate the ability of steam- 
turbine oils, including those used for 
steam-turbine gears, to aid in pre- 
venting the rusting of ferrous parts 
should water become admixed with 
the oil. 


The bath holds six beakers and is 
equipped with an adjustable hydrau- 
lic thermostat. Operating tempera- 
ture 140°F. Supplied complete with 


. beakers, test rods and plastic covers. 


The six stirrers are driven by a 
constant speed motor, driving the 
stirrers at a speed of 1000 R.P.M. 
plus or minus 50 R.P.M. 


Write for further details. 


Send for your copy of 96- 
page Catalog 700, invaluable 
to compounders of greases 
and other lubricants. 


PRECISION 
SCIENTIFIC COMPANY 


1750 N. SPRINGFIELD AVENUE, CHICAGO 47, ILL 


SWAN-FINCH OIL CORP. 


RCA Building 201 N. Wells St. 


New York 20, N. Y. Chicago 6, Ill. 


Manufacturers 
Lutricating Oils — Greases 
Foundry Core Oils 


posttively- 
scraped 

GREASE 

KETTLES 


and 


PRESSURE 
MIXERS 


BUFFALO FOUNDRY & MACHINE COMPANY 
1625 Fillmore Ave. Buffalo 11, N.Y. 
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LUBRICATION FITTINGS 
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STEWART-WARNER CORP. 
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STEEL SHIPPING CONTAINERS 
STEEL PAILS AND CANS 


All Sizes—All Styles 


We would appreciate your inquiries 


Central Can Company, Inc. 
2415 W. 19th STREET 
CHICAGO, ILL. 


GREASE 
PROCESSING 
TM. REG. U.S. PAT OFF 


THE GIRDLER CORPORATION, Votator Div., Louisville, Ky. 


LITHOGRAPHED 
AND GLASS 
"CONTAINERS 
KEROSENE 


Se 


LUBRICATING OILS © STEEL PAILS 


OWENS-ILLINOIS CAN COMPANY 
TOLEDO + OHIO 


Specialized Glycerides 
and 
FATTY ACIDS 
for 
Lubricating Greases 
THE 


WERNER G.SMITH CO. 


(Division of Archer-Daniels-Midland Company) 
2191 West 110th St., Cleveland, O. 


Fats & Fatty Acids 
For The 
Grease Manufacturer 


W. C. HARDESTY Co., Inc. 


NEW YORK, N. Y. 


Use Metasap Aluminum Stearate 
Bases for Clear, Transparent 


Water Insoluble Greases. 


METASAP CHEMICAL 
COMPANY 


HARRISON, NEW JERSEY 


“Good Oil is 


essential to good grease’ 


DEEP ROCK 
“G" Cylinder Stock 
Dewaxed Bright Stocks 
and Neutral Oils 


DEEP ROCK OIL CORPORATION 
755 N. Clark St. Chicago, Il! 


WOOL GREASES 


(Degras) 


Common — Neutral — Lanolin 


For 


Refined by 


N. |. MALMSTROM & CO. 


BROOKLYN, N. Y. 


Ship Safely in 
Barrels made 
by 


J&L STEEL BARREL COMPANY 


SUBSIDIARY OF 
Jones & Laughlin Steel Corporation 
PLANTS 
St. Louis, Mo. - No. Kansas City, Mo. - Bayonne, 
N, J, - Philadelphia, Pa. - New Orleans, (Gretna) 
La. « Lake Charles, La. - Port Arthur, Texas 


CHEK-CHART Automotive 
Lubrication Guide, Truck 
Lubrication Charts. Trac- 
tor Lubrication Charts 
Wali Chart, Truck an 
Tractor Booklet, Serv- 
we Bulletin, Tractor 
Digest, CHEYALL 
Accessory Manua! 
SERVICE MAN'S 
GUIDE to Automotive 
Lubrication, Listened anv 


Learned” Training 


THE CHEK-CHART 
Headquarters for Automotive Service mati 
624 S. Michigan Avenue, Chicago 5, lil. 


§ 
GREASE 46 
CENTRALIZED LUBRICATION 
machinery of all kinds * x * | 
E. aorh gt.* CLEVELAND: onto 
| 


